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We have detennined the DNA sequence and genolnic 
organization of D12S53E (Pmel 17), the human ho-
mologue of the mouse silver (sr, locus. D12S5JE 
encodes a melanosoll1.al matrix protein whose expres-
sion is closely correlated with cellular melanin con-
tent and which is a frequent melanoma tumor anti-
T Jw si lver (se) locus of mouse is associated with a mutant phenotype characterized by reduced coat color due to a reduced number of pigment granules in hairs of homozygous animals [1,2] . The s; gen e was originally identified as an anonymous human 
cDNA, Pmel 17 (D12553E) , encoding an unknown mclanosomal 
protein [3]. A lthough the specific function of Pme! 17 is still not 
known, it is an 85-kDa melanosomal matrix g lycoprote in [4,5] 
whose expression is melanocyte specific and which corre la tes 
closely with cellul ar m e lanin content \6 ,7]. Apparently homologous 
proteins, "MMP1l5" and "RPE-l", h ave been identified in retinal 
pigment e pithelial cells of the chick e n [8] and cow [9], respectively. 
Pmel J 7 has also recently been identified as a frequent antigen 
recoghized (;1I1 the surface of melanoma tumor cells by cytotoxic T 
Iymphbcytes; variously called "gpl00 " [10 ,1 1] and " M E20" [12]. 
I-hii-nah D12553£ has been Inappcd to chromosome segment 
12q13-q14 L 13], in a chromosOl11al region syntenic to thc distal 
portion of monse chroinosom e 10 that includes the si lver (si) locus 
[3] . Mclanocytcs from homozygous s; l11utant mice lack detcctable 
I'mel 17 protein f4,S], and very recently the mouse si mutation has 
b een shown to be a rramcshift w ithin the l11urine Plllc l 17 coding 
region [14]. This result conclu sive ly establishes that Plllel 17 
corresponds to the mOllse s; 10CllS, and that D12553£ is its human 
homologue. There has been a close correspondence b e tween the 
phenotypes of mOllse and human pigmentation .loci [15], and it 
therefore seems like ly that mutations at D12S53£ may eventuall y 
be associated with cases of oculocutaneous albinism in humans. 
Here, we describe the genomic organiza tion and nucleotide 
seque n ce of the human D12553£ loc us . Furthermore, we show 
that hum a n D '/2S53 £ mltNA is a lternativel y sp li ced, accounting 
for the different isoform s that have b een re ported among v:lI·ious 
cD NAs. 
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gen recognized by cytotoxic T lymphocytes. D12S53E 
is a likely candidate gene for some cases of humall 
oculocutancous albinism lJot associated with klJOWll 
albinisnl loci. Key lVoyds: meiallill./JJigmelltatioll/oclllocw 
taneolls all1illism. ] [,west Del'/twtol 106:24-27, 1996 
MATERJALS AND METHODS 
Isolation and DNA Sequence Analysis of Human D12S53E 
Genomic Clones Full-length OJ 2S53£ cDNA was isolated by 40 cycles 
of the polymcrase chain reaction (PCR) using two primers derived from the 
5' and 3' ends of the published human PllIel 17 eD NA sequcnce [3J 
(5'-GGAAGAACACAATGGATCTG-3'/5'-CAGGCTCTGAGTATTTA-
TTTC-3 ' ) and a human melanocyte cDNA lib rary ! 16] as template . T hiS 
2.1-kb cDNA was cloncd and used to screen thrce difFerent human genornic 
recombinant A phage Libraries : a Sn ll3Al partial digcst library ill AChar()!1 
28, a Hi/ld3 complete d igcst library ill ACharon 40, and a human chromo-
some 12 Milol parti;ll digest library in "'Charon 40 (American Type C nltu re 
Coll ection , H .. ockville , MD) . A gcnomic clone conta inin g exon 6-IV S6-
cxon 7 was also produ ccd by polymernse chain reaction (PCR) alnp lifi c:I' 
tion of a human gcnomic DNA tcmplatc using primcrs 5' -CCTCTG· 
ACCTTTGCCCTCCAG-3' /S'-GTGCTTCCACTGACCAGCCC-3' and 
cloning the PC R product in thc TA-vector (InVitrogcn). OJ2S53E rccolll-
binant phagc were subjectcd to direct DN A scqucncc analysis using the 
fmol DNA sequencing systcm (Pro11lega, Madison, WI) and oligodc-
oxynuclcotidc primers derived fi'om the DJ 2S53£ cD NA seqnencc [3J; 
subsequcnt sequencing primers were dcrivcd from thc genomic scq uences 
thus detel·mined. Most sequcnccs were dete rmi ncd on hoth strands , and 
sequenccs werc compilcd and analyzed by computer using t.he DNASTAR. 
(Madison, W I) software package . 
Detenuination of the Sizes of the Intervening Sequences and Exoll 
Content of DJ2S53E Recombinant Phage Thc sizcs of OJ2S5JE 
intcrvcning sequences (IV Ss) were determined by PCR usin g primers 
de ri ved li01n the Ra nking exons (sec Table I). Tcmplates included 
O '/2S531J recombinant phage and 110rmal human genomic DNA. PCR 
conditions wcre 94 °C for 2 min, followed by 35 cycles of 94 °C for 45 sec, 
50-60°C for 1 min . and n oc for 2 min, tollowed by n oc for 10 min. PC R 
products were ana lyzed by agarose gel electrophoresis and Southern blot 
hybridization [1 7] using D '/2S53£ cDNA segmcnts as probes. 
Primer Extension oftlte 5' End ofHuJt1an D12S53E mRNA Nornd 
hUlnan mdanocytes were cultured in MGM2 (Clonetics, San Diego, CA), 
FME melanoma cell s [18] in Ham 's FlO mediulll with 10'X. FBS, "nd J-IcL~ 
cc ll s in DMEM with 10'1., FBS, and mKNA was preparcd from each llsing 
the QuickPrcp mKNA purification kit (Pharm:tcia, Pisca tw" y, NJ) . A 
19-mer oligonucleotide primcr. 5'-TTTTGTAGCCCCCACAGCC-3'. de-
rived from the 3' part of CXOll ·1, was 5' -end labclcd with 1l 2p j-ATP and 
T4 polynucleotide kinasc, and was hybridized to 5 I-lg of cach poly(A) 
ITll'-NA foJ' 20 ll1in at 58°C. PriI'ncr exten sion analysis was carried o u t lI sing 
the Primer Extens ion System (Prolllega). essentially as described ! 19]. 
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Table I. Introl1-Exon Bounda ries of the Human D1ZS53E (si) Gene" 
5' . .. . . agtccccccaGTGCCT ... . C"O Il 1 
IIIRNA :; ' 
. . CA AAAGgtatgtgtgg . .. rVSl 
26 
IVS1 . ttcc ttt tagTACCCA .... e"on 2 .. . . GGAG AGgtaggaactt . .. IVS2 
u w 
IVS2 . . tcc ttcccagGTGGT C ... . exO Il 3 .. . . TCA ATGgtgagtactt . . . IVS3 
6.1 11 2 
IVS3 . . tatctttc:lgGGAGCC ... 
11 2 
. C" OIl 4 ... . CCTG GGgtgagggact ... IVS4 
157 
IV S4 . .. aaaac ttcagGCCA AT . . 
157 
. exon 5 .. . . TTACTGgtaagggttt .. . rv ss 
2 11 
IVSS .. . ccaatcccagACCAGG . ... cxon 6 .. 
2 11 
IVS(, . .. tcrcctgcagGTTCCC . _ .. e"OIl 7 . 
452 
. . TTACAGgtaagagtat . . . IVS6 
452 
. TTGTCCgtgagtcttg ... IV S7 
49 1 
IVS7 ... aactctgcagAGGGTA . 
49 1 
. . . cxon 8 . ... AGGCGGgtgagtgtct. .. . IVS8 
S 19 
l VS8. . cttcttccagGCTGCC . 
5 / 1) 
. . . exon 9. .. T GCCTGgtaggtcctt ... IVS9 
588 
IVS9 . .. agtgaagcagTGCCTG ... 
58~ 
IVS IO .. . ccaata tcagGCGCAG .. 
62-1 
. ex Oil 10 .. . ATATAGgtaagggccc . . . IVSI 0 
62·' 
. . exOIl 11 . ... GCCT G Atgctggtttt . .. 3' 
IVS Size 
- 2.5-2.6 kb 
158 bp 
- 1.6 kb 
393 bp 
248 bp 
- 0 .7 kb 
239 bp 
11 0 bp 
8li102 bp 
- 0 .9 kb 
" Codon numbers ;t rc indi ca lccI. T he enti re 598G-bp D NA sequence we determin ed has been deposited in th e GcnBan k D N A sequence d ::l tabasc (accessio n numbers U31797. 
U3 1798, U3 17'!9. U3 1807. and U3 180H). 
Reverse Transcription-peR Analysis of Alternative Splicing of 
D12S53E mRNA First-strand cON A was synthesized in a 20-pJ reaction 
containing 500 ng melanocyte mRNA . 100 pmol random hc,,-amer primer. 
1 111M each dNT P. l X PC R. bufFe r (Prolllega) , 20 U RNasin , and 20 U 
AM V re verse transcriptase (Promega) incubated at 23 "C fo r 1 0 min and 
then 42°C for 60 min . T he reaction was heat.ed at 95 °C fo r 5 min. 
A. 
quick-chill ed on ice, and 80 fLll X PC R buffer (Promega), 30 1'11101 o f each 
upstream and downstream primer (S ' -GCCT GCATGGAGATCTCATC-
3' / 5' -GAGAAGT CTTGCTTC-3' ) . and 2 U T nq D N A polymerase (Perkin 
Elmer-Cetus. Fos ter C ity, CAl were added . The reaction w as then sub-
j ected to 35 cycles o f the PC R at 94°C fo r 30 sec, 42°C fo r 1 min , and 72°C 
fo r 1 min [20). PCR products were analyzed by elec trophoresis in 3% 
IVS9 ... cactgagtgaagcagTGCCTGGGATTCTTCTCACAGGTCAAGA ••• Exon 10 
(V )alProG l yIl e Le uLe uThrGl yGln 
B 
622-
527-
404-
309-
242-
M 
588 595 
1 2 3 4 Figure 1. AJternativ e splicing o f D12S53E (si) mRNA. A ) Nucleotide 
sequence o f alternative 3' splice sites in 
rVS9 - exon 10 region . T w enty-one-
base pair al ternative segm ent of exon 
l O is underlined ; codon numbers are 
indicated . LOII'erease. IVS9; IIppercase, 
e,,-on 10. B) R T -PCR analysis o f 
D1 2553E mRNA. Lall e: 1\1[ , m olecular 
size standard (pBlU22 digested with 
Mspl) ; 10 lie 1, Pmel 17 PC R DNA 
clone as template (see M aterials alld 
Metllods); lalle 2, no rmal human mela-
nocyte mRNA template; lOll" J, FME 
melanoma mRN A template : lalle 4. 
l-I eLa mRN A te mplate. 
26 BAILIN ET JlL 
M 1 2 3 4 5 
623-
123-
111-
91-
77-
68-
Figure 2. Primer-extension analysis of human D12S53E (si) 
mRNA. An end-radiolabeled 19-mcr oligodeoxynucleotide complemen-
tary to the 3' end of exon 1 of the human D'I 2S53E gene (see Maleria ls allil 
Mellwds) was used to prime reverse transcription of the RN A. La/Ii!: M, 
molecular size standard (radiolabelcd pBJl322 DNA digested with Mspl): 
lalle I . no[mal human melanocyte mRNA template (4 fLg): lalle 2, FME 
melanoma mKNA template (5 fLg): lallc), FME melanoma rnRNA template 
(6 fLg); lalle 4, FME melanoma ml~A template (7 fLg): Inlle 5, HeLa mRNA 
template template (5 fLg). Extension products :577 bases in length most 
likely result fi'om premature pausing by reverse transcriptase. 
NuSieve GTG agarose (FMC Bioproducts, Rockland, ME) and the bands 
were cut trom the gel under direct vision, eluted, and cloned in the TA 
vector (InVitrogen) for DNA sequence analysis using T7 DNA polymerase 
(United States Biochemical, Cleveland, OH). 
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RESULTS AND DISCUSSION 
Organization and Nucleotide Sequence of the Huma1l 
D12S53E Gene FuLl-length human D12553E cD NA was used to 
exhaustively screen three different human !'ecombinant A phage 
libraries . Surprisingly, only four independent clones were isolated, 
although these included the entire gene. Overall, the humall 
D12553E gene was found to consist of 11 exollS (Table I) and to 
span approximately 9.1 kb. The exons range in size fiom 85 to 723 
bp. The sizes of the 10 IVSs were estimated by PCR amplification 
from human genomic DNA and from the D12553E recombinant 
ph age. In every case, the sizes of the PCR. products amplified from 
geno mic DN A and from the phage templates were identi cal; the '10 
IVS s ranged in size fr0111 81 bp to about 2.5- 2.6 kb (Table J) . We 
determined a total 5986 bp of DNA sequence, which has been 
deposited in th e GenBank DNA sequence database (accession 
numbers U31797, U31798, U31799, U31807, and U31808). 
The structure of the 668 -amino acid Pmel 17 polypeptide is 
unusu al in that it is quite ri ch in th e amino acids serine (9.3'1.,) and 
threonine (8.7'1..), and it contains three repeats of a 26-amino acid 
sequence motif in its central po rtion 1 ]. These three repeats all 
occur within exon 6, wh ich is 723 bp in length. Severa l different 
Pmel 17 cDNAs have been described, some of w hich shoW 
apparent variation at codons 162 (V162F), 247 (P247P; CCC IJersliS 
CCT), and 274 (P274L), and an in-fi'ame 21-bp insertion /deletion 
corresponding to codon' 588-594 [3,8-10] . Our genomic se-
quence encodes val.ine (GTT) at codon 162, proline (CCC) at 
codon 247 , and leucine (CTT) at codon 274. 
Alternative Splicing and 5' End of D12S53E mRNA Anal-
ys is of the Ilucleotide sequellces of the D12S53E cD NA containing 
[3] IlcrSIiS those cDNAs lacking [8, 10] the 2 1-bp segment insertion/ 
de letion at codons 588-594 suggested that this variation might 
result fr0111 use of alternative 3' splice sites during nuclear process-
ing of D'J 2553E pre-mR.NA. This was further suggested b y the 
D12553E genomic DNA sequence. As shown in Fig 1A this 
alternative segment occurs at the 5' border of exon 10. IVS9 would 
consist of either 81 or 102 bases, depending on which of tWO 
potential 3' splice sites were used. To test this hypothesis , we 
can;ed out reverse transcl;ption-PCR. (RT -PCR.) analysis of 
mR.NA from both normal human melanocytes and lOME melanoma 
cells using primers derived !Tom sequences upstream and down-
stream of this region . As shown in Fig lB, we consistently observed 
two RT-PCR products in both melanocytes and melanoma cells, 
difFering in size by the expected 21 bp; the 308-bp product, 
corresponding to D'J 2553E mRNA spliced at the distal IVS9 3' 
splice site, was several-fold more abundant than the 329-bp peR 
product, corresponding to D'J 255 3E mRN A spliced at the proximal 
IVS9 3' splice site. These two R T -PCR products were cloned, and 
DNA sequen ce analysis confirmed that they indeed corresponded 
to the expected two alternatively spliced mRNA species. Similar 
results have recently been reported by others [9] . Thus, the major 
form of Pmel 17 is 661 amino acids and the minor form is 668 
amino acids in length. 
To define the 5' end of D12553E mRNA, we carried out primer 
extension analysis using a 19-mer primer complementary to the 3' 
OCT1 
gatccctttgtcagtttttcctttttcctctcctccggcccctcccaggccttctctgagggagaagaggaagggctatgcaaatgagcacccttttct! 100 
TATA MEL-OS 
atataggggcctatcccagtccccccaGTGCCTTTGGTTGCTGGAGGGAAGAACACAATGGATCTGGTGCTAAAAAGATGCCTTCTTCATTTGGCTGTGA 200 
--- ---- .. .. . MetAspLeuValLeuLysArgCysLeuLeuHisLeuAlaValI 
TAGGTGCTTTGCTGGCTGTGGGGGCTACAAAAGgtatgtgtggatatgtgga~atgagcaggtgtgaacttggggatgaattccccctgctctggtttct 300 
leGlyAlaLeuLeuAlaValGlyAlaThrLysV 
Figure 3. Nucleotide sequence of the promoter and exon 1 of the hUlnan D12SS3E (si) gene. Uppercase, exon sequences; lowercase, 5' Ranking and 
intervening sequences. Numbers denote nucleotide positions. Apparent transcription factor moti f.~ arc underlined. 
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e nd of exon I. As shown in Fig 2. we observed a primer extensio tl 
product 105 bases in length , correspotldif1 g to an mRNA 5' 
terminus at position 128 (Fig 3) , 30 bases upstream of the Illost 
exten sive 1'111 01 17 cDNA reported (3]. T he 5' portion of D 12553£ 
ml~A contain s a sequ ence that is a partial match to the MEL-DS 
sequen ce clemetlt fj'cq uent1y fOllnd in the 5' -ulltranslated regio n of 
melan ocyte-spccific ml~N As [2 1 J. As sh ow n in Fig 3, the se-
quences upstream of the 5' te rminus of D1 2S5JE ml1....NA con ta in 
three "pparent prom oter 1110tifs: a typical TATA box, an OCTl 
e lement, and an SP 'I motif. T he presence of these 1110tifs III this 
regio n stron gly suggests that this segment corresponds to the 
transcriptio nal promoter of t he D '/2S5 3£ gene. 
IVe I/lo"k Dr. O. S lIIitilicsji.,. rI"' I"""o,, gmolllic rl'combi"""II1Cltnn", 28 librnr)' 
Ollri Dr. M. I-II/lil");'r rI,,' ,",," ,, " gC""'II ic' recollllli"nlli IICI'"nl/ ' 40 Hind3 libl'((( ),. 
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